Abstract. Extraction of isoflavones from soy products remains a major challenge for researchers. Different extraction techniques have been employed but the need to use a cheap green extraction technique remains the main focus. This study applied fermentation of soy molasses using Saccharomyces cerevisiae for extraction of isoflavones and compared this technique to the conventional extraction method. The aluminum chloride colorimetric method was used for the determination of total flavonoid content of extracts. The highest yield was observed from extraction using ethyl acetate after fermentation of soy molasses and the lowest one was given by the extract from conventional extraction method. The DPPH radical scavenging activities of the extracts were also compared. The extract obtained using ethyl acetate after fermentation showed the highest antioxidant activity (0.0269 meq), while extract from conventional extraction had the lowest antioxidant activity (0.0055 meq). The effect of time on daidzein yield was studied using HPLC standard addition method. Daidzein concentration was higher in extract obtained at t = 80 min (3.82 ± 0.11 mg of daidzein /g of extract) as compared to that obtained at t = 60 min (2.89 ± 0.10 mg of daidzein /g of extract).
INTRODUCTION
Soybeans, also called glycine max, belong to the legume family and are native to the East Asian before it was introduced to the western diet. Epidemiological studies conducted on the Asian consuming soy population showed reduced risk of cancer [1, 2] osteoporosis [3, 4] , menopausal symptoms [5] and cardiovascular disease [6] as compared to the western society. Researchers suggested that isoflavones were the main reason for these observed beneficial effects. Isoflavones are often referred to phytoestrogens owing to their structural similarity with the human estrogens, they mimic and compete for binding site (ERβ) with them [7] . Isoflavones are naturally found in soybean in glycosylated state such as daidzin, glycitein and genistin with only a small percentage in the aglycone form (approximately 2-3%). Natural occurring isoflavones can be deglycosylated to their aglycone form by the action of intestinal bacteria, this aglycone form have exerted higher biological activity compare to their glycosylated form [8] .
Conventional method of extraction of isoflavones has been the common method of extraction over a century ago but the large use of organic solvent and low extraction yield was a major challenge, this fueled research in green extraction method. Researchers developed methods such as pressurized liquid extraction [9] , supercritical fluid extraction [10] , microwave assisted extraction [11] and ultrasound-assisted extraction [12] to address the use of less solvent and prolonged extraction time observed in conventional extraction. Despite the promising advantages of the named green extraction methods, the high cost of equipment remain a major challenge, there was still need to develop cheap extraction method. Previous authors extracted isoflavones after the fermentation of kudzu root by C. acetobutylicum ATCC 824 [13] .
No study has been conducted on the application of fermentation for isoflavone extraction from soy molasses. This study aimed at comparing extraction yield of isoflavones after fermentation of soy molasses to conventional extraction method. It further investigated the antioxidant activity of isoflavones extract after fermentation of soy molasses to extract from conventional extraction method. 
MATERIALS AND METHODS
The soy molasses were purchased from Agroproduckt CJSC, Kallingrad Russia, Saccharomyces cerevisiae was purchased from open joint stock yeast factory, Minsk Belarus.
Chemicals
Quercetin, aluminum chloride, 2, 2-diphenyl-1-picrylhydrazyl (DPPH), Daidzein were all purchased from Sigma Aldrich, Missouri, USA (CAS Number 117-39-5, 7446-70-0, 1898-66-4, 486-66-8), respectively. Ethyl acetate and ethanol were purchased from "Chemreaktivsnab" company, Ufa, Russia.
Conventional Method of Extraction
Exactly 2.5 g of soy molasses were mixed with 20 ml of ethyl acetate -water solution at ratio 1: 3 and extraction was performed using a separatory funnel. Different extraction time was explored (20, 40, 60 , 80 mins, respectively). At the end of each extraction time, the supernant was collected, centrifuged at 6000 rpm for 15 mins and evaporated using a rotary evaporator under vacuum (65 o C, 60 rpm). The extract was dissolved in 3 ml ethanol prior analysis.
Activation of Saccharomyces Cerevisiae
All activation procedures were performed under the laminar flow cabinet. Exactly 2 g of Saccharomyces cerevisiae was taken and dissolved in 50 ml of distilled water at 30-35 o C, and then 0.8 g of granulated sugar was added to the dissolved yeast and allowed to stand for 30 min prior inoculation.
Fermentation of Soy Molasses
The fermentation of soy molasses was carried out according to previously described procedures done by Siqueira et al. in [14] with slight modification. 100g of the soy molasses were dissolved in 500 ml of distilled water and sterilized using an autoclave (at 121 o C for 15 mins). The activated yeast was inoculated into the soy molasses solution and maintained anaerobically in a batch fermenter at room temperature. After 3 days, visual observation was carried out to ascertain the total liberation of all CO 2 to mark the end of the fermentation process.
Extraction of Fermented Soy molasses
The fermented soy molasses were centrifuged at 6000 rpm for 20 min, the yeast and supernant were collected separately. The supernant was evaporated using a rotary evaporator under vacuum (60 o C, 65rpm) and exactly 2.5 g of the dry fermented residue was extracted using 70 % ethanol and ethyl acetate -water solution (ratio 1: 3) at different time as described above.
Gas Chromatography-Mass Spectrometry Identification of Isoflavones
Extract were analyzed using GCMS-QP2010 Ultra, Shimadzu, gas chromatograph outfitted with a mass spectrometer, and a capillary column DB-5 ms (30 m x 0.25 mm, 0.25 μm) covered with 5% diphenyl-95% dimethyl polysiloxane. Helium was used as a carrier gas at a constant flow rate of 1.5mL/min. Without pre-treatment 1 μL of the extract was injected in the splitless mode (vent time, 60 s) and the compounds were identified by comparing of mass spectra obtained with Mass Spectral Library of the National Institute of Standards and Technology (NIST).
HPLC Determination of Daidzein Concentration
The standard additions method was used as described by Bader [15] to determine the concentration of daidzein in each extract. An aliquot of 100 μl of standard solution of daidzein (1 mg/ml) was added to 400 μl of extract (native) ethanol solution. The chromatograms of the extract solution without standard addition and with standard addition were recorded using UV-Visible detector. Qualitatively daidzein was detected by a signal at retention time of 5.95 min.
Preparation of Quercetin (QE) Working Solution
The 100 mg/ml stock solution was prepared as followed, 2.5 mg of quercetin was weighed and dissolved in 80% ethanol in 25 ml volumetric and the total volume was made up to 25 ml using ethanol. The standard quercetin solution (20, 40 , 60 and 80 mg/ml) were prepared by taking 5 ml, 10 ml ,15 ml and 20 ml of the stock solution in 25ml volumetric flasks and making up the total volume of 25 ml, respectively.
Determination of the Total Flavonoids Content
Aluminum chloride colorimetric method was used to determine the total flavonoid content as described by Marinova et al. [16] with little modification. Prior to the analysis, the extracts were diluted 10 fold using distilled water. An aliquot (500 μl) of extract or standard solution of QE (20, 40 , 60 and 80 mg/ml) were transferred separately to 10 ml volumetric flasks and 1.5 ml of 95 % ethanol was added. Then 0.1 ml of 10 % aluminum chloride and 0.1 ml of 1M sodium acetate solutions were subsequently added to the mixture. 2.8 ml of distilled water was finally added and the mixture was mixed thoroughly and kept at room temperature for 30 mins. Absorbance was measured at λ=400 nm in a 5 mm cuvette using a KFK 2 photocolorimeter (Russia) against the reagent blank which was prepared as mentioned above but replacing the aliquot with 500 μl distilled water. Samples were analyzed in triplicate and total flavonoid content was expressed as mg QE equivalents /g of extract.
DPPH Radical Scavenging Activity
DPPH is one of the stable free radical widely employed to test antioxidant activity of food or to quantify antioxidants in complex biological system, the basis of the assay relies on the scavenging and conversion of DPPH free molecules into a colorless or somewhat yellow diamagnetic DPPH molecule by antioxidant compounds [17] . Antioxidant activity of compounds directly affect the time and rate of the redox reaction with the DPPH which results in both decrease of the DPPH radical concentration in the reaction mixture and EPR signal in time.
The antioxidant activity of the isoflavone extracts was determined by the difference in the amount of paramagnetic particles of the stable free radical measured before and after the chemical reaction between the free radical and analyte, this was observed by the a decrease in the intensity of the EPR spectrum of the free radical after adding the analyte. The antioxidant activity is calculated using the formula. ) (
where АОА is the antioxidant activity (meq); С DPPH is the DPPH concentration in an initial solution (M); n s1 is the initial amount of paramagnetic centers of DPPH, units; n s2 is the amount of paramagnetic centers of DPPH after interaction with the analyte (isoflavone extract) [18] . DPPH was dissolved in ethanol and without pretreatment 10 μl of the sample were pipetted into Eppendorf tubes containing 1 ml of DPPH. 30 EPR spectra were recorded on an EPR spectrometer Bruker Elexys E-500, X-band.
Statistical Analysis
Statistical analysis was carried out with Origin 8.1 software and results were considered significant when p<0.05 and are expressed as means ± standard deviation.
RESULTS AND DISCUSSION

Qualitative Characterization of Isoflavones
Daidzein, genistein and glycitein were the main isoflavones detected in all extracts analyzed using the GC-MS. Their structures were identified by analysis of MS spectral data and by comparison to the Mass Spectral Library of the NIST. The identities and retention time of each individual peaks are listed below. Relatively, glycitein content in soy molasses are lower as compared to other isoflavones detected.
FIGURE 2. GC-MS spectrum of extract after fermentation showing some isoflavones peaks at their different retention time
Quantitative Determination of Daidzein Concentration
Daidzein content of ethyl acetate extracts from fermented soy molasses obtained at 60 and 80 mins extraction time was quantified. The daidzein concentration in the test aliquot solution was calculated using the formula:
where х is the daidzein concentration in a test aliquot, mg/ml; A and B are the double integrals of the chromatographic peaks of daidzein in the test solution without standard addition and with standard addition in the test solution; a is the standard addition of daidzein, mg/ml. The daidzein content (c) in the extract molasses (mg daidzein/ g molasses extract) was calculated by the formula: , m x V c (3) where V is the volume of the initial solution in which the extract was dissolved, m is the mass of the extract obtained after extraction of molasses (g). The concentration of daidzein in the extract at extraction times 80 and 60 mins were quantified using HPLC standard addition method. The daidzein concentration was higher at extraction time of 80 mins compare with obtained at 60 mins extraction time (Table 1) . It can be suggested that contact time between solvent and soy molasses influence the yield of daidzein. This is similar to previous study done by Yanfang et al. in [19] , which reported that prolonged extraction time using ultrasound assisted extraction method increased the yield of puerarin and total isoflavones from the root of Pueraria lobata radix Another study conducted on the extraction of isoflavones from soybean sprout cotyledon using different ethanol and extraction time supported that the yield of total isoflavones increases with extraction time [20] .
However, there was contradictory report from earlier study conducted on the extraction of isoflavones from soybean flour using 70 % aqueous ethanol containing 0.1 % acetic acid , authors reported that there is no change in total and individual isoflavones under constant agitation at extraction time of 1,4,20 and 24 hours respectively [21] . The authors suggested that the constant agitation was the reason for the equal extraction yield despite allowing at different time, the constant shake allow better contact of the soybean particles and the solvent.
Total Flavonoid Content of Extracts
A standard calibration curve was plotted from the absorbance observed from the different quercetin concentration (20, 40, 60 , 80 mg/ml). The total flavonoid content was expressed as the mg equivalents of quercetin (QE) per g of extracts. The absorbance values increased proportionally with quercetin concentration from 20 to 80 mg/ml as observed in Fig 4. Total flavonoid content of extract was determined according to [22] 
where Cf is the total flavonoid content of extract (mg/g), Cx is quercetin equivalent in mg/ml, V is volume of ethanol used in dissolving extract; d.f is a dilution factor, w is the weight of extract (g), V1 is the volume of the aliquot and 10 is conversion coefficient in mg %.
FIGURE 4.
Calibration curve for standard quercetin-aluminum chloride complex assayed at 400 nm
As shown in Fig. 5 , fermentation of soy molasses increased the total flavonoid content compare to conventional extraction method. Isoflavone yield was highest at 80 mins extraction time for each extraction set up. Previous authors reported that fermentation of soy bean products by bacillus species increased the total isoflavones content compare to unfermented products [22] . Another study also supported that acetone-butanol-ethanol fermentation of kudzu roots increased the isoflavone content compare to extraction done on raw kudzu [13] . It can be suggested that fermentation increased the isoflavone aglycone as compared to extraction of unfermented soy molasses.
FIGURE 5.
Total flavonoid content of the extract after fermentation and by the conventional extraction method.
Results were shown as mean ± SD (n=3)
As shown in Table 2 , the antioxidant activity of extracts after fermentation of soy molasses using both ethyl acetate and ethanol were higher compare to conventional extract using ethyl acetate. This was similar to previous study by [23] which reported that soy germ extracts after fermentation exerted more potent scavenging effect compare to conventional extracts. Earlier study conducted by Pyo et al. [25] also supported that extract from lactic acid fermentation of soy bean fermented using B. thermophilum KFRI 00748 exerted higher radical scavenging compare to extract from unfermented soybean. It can be suggested that fungi fermentation increase the antioxidant activity of isoflavones extract from soy molasses due to the transformation of isoflavone glucoside into large amount aglycone.
Extract from ethyl acetate after fermentation showed the highest antioxidant activity compare to extraction with ethanol. This is similar to the findings by previous authors who reported that the antioxidant activity of extract from red seaweed using ethyl acetate was higher as compared to ethanol, methanol, acetone and water [26] . B1 -extract after fermentation using ethyl acetate, B2 -extract after fermentation using ethanol, B3-extract from conventional extraction method.
CONCLUSIONS
The study showed that the application of fermentation for the extraction of isoflavone is an effective green method of extraction and it is relatively cheap method as compared to other methods like as pressurized liquid extraction, supercritical fluid extraction, microwave assisted extraction and ultrasound-assisted extraction. This technique is relatively fast since there is no need for pre-treatment of the isoflavone rich substrate. Isoflavone yield
